Dependence of nitrogen content on (a) partial pressure of nitrogen PN2 (substrate temperature TS = 800 ºC, deposition rate r ~ 0.04 h/nm), (b) r (PN2 = 10 −5 Torr, TS = 800 ºC), and (c) TS (PN2 = 10 −5 Torr, r ~ 0.04 h/nm).
In this report, we expressed the chemical composition of the films as SrTaO3−xNx despite the possible deviation of the total anion content in the formula unit from 3, based on the fact that the perovskite structure was maintained over a wide range of x values (see Supplementary Fig.   S2 ). We believe that this expression is correct, at least for films with nearly stoichiometric chemical compositions.
The dependence of the nitrogen content, x, in the SrTaO3−xNx films on the growth parameters was investigated by nuclear reaction analysis (NRA). As shown in Fig. S1a , x was highly sensitive to PN2 and reached a maximum at PN2 = 1.0×10 −5 Torr, where the largest concentration of N radicals would be supplied. N radicals were deactivated at higher PN2, which is likely due to recombination in the ECR source and chamber. The nitrogen content increased linearly with respect to the inverse of the deposition rate, r (Fig. S1b ). This result is reasonable as the supply rates of the other elements (Sr, Ta, and O) from the target were proportional to the deposition rate. This rate was determined by the pulse energy and repetition rate of the excimer laser, while the supply of N radicals was held constant. Meanwhile, x was almost independent of 3 the substrate temperature, TS (Fig. S1c) , implying that the growth temperature used in this study was too low to activate N2 molecules. MD calculations were performed using the same DFT functional, pseudopotentials, and software package employed in the structural optimisation. The purpose of this calculation was to examine whether the spontaneous polarisation in the cis-type structure proposed by Hinuma et al. [S3] would be stabilised by epitaxial strain. First, we built the 2×2×4 perovskite unit setting of the cell, using the structure given in ref. Figure S4 compares the polarisation fluctuations of the strained and unstrained cell at T = 300 K. The polarisation along the a-axis shown in green showed similar flipping behaviour in both cases. These results indicate that the epitaxial strain, at least at 300 K, does not stabilise the spontaneous polarisation in the structure discussed here. with the reference data reported by Page et al.[S4] , with values of E(P4mm) = +550 meV and E(I4/mcm) = +465 meV. To reconcile this discrepancy, we repeated the same calculation with another software package (Quantum Espresso). This verification gave relative total energies close to our previous results: E(P4mm) = +192 meV and E(I4/mcm) = +202 meV. Meanwhile, Hinuma et al. stated that the trans structure has a total energy that is 300 meV higher than that of the cis phase, which is also closer to our data. Our two calculations are computationally independent, other than the initial guess of the structures. The initial guesses for P4mm and Pbmm were taken from Page et al. [S4] , whereas that of I4/mcm was taken from Ref. S5 . For these reasons, we consider our present results to be reliable.
